The need for mechanical circulatory support to improve organ perfusion may be considered in the management of post cardiac arrest syndrome patients. Intra-Aortic Balloon Pump (IABP) is the most available and convenient used mechanical circulation aid especially in developing countries such as Indonesia.
Introduction
Cardiac arrest is the most devastating shock condition, characterized by whole body ischemia which results in cessation of oxygen circulation, reperfusion, and metabolic substrate, leading to accumulation of metabolic waste [1, 2] . Cardiac arrest incidence is still high. Non-traumatic out of hospital cardiac arrest incidence in United States range around 350,000 or 80 per 100,000 adults, with a survival rate of 9.5% after hospitalization [3, 4] . In Europe, out of hospital cardiac arrest incidence was 37-55 per 100.000 population per year [5] . Acute coronary syndrome (ACS) is the most common cause of cardiac arrest. Cardiac arrest requires immediate resuscitation to return spontaneous circulation.
Despite spontaneous circulation returns, the morbidity and mortality in post cardiac arrest patients is still high [6] .
Approximately 60% of patients admitted to hospital after cardiac arrest die of complications. Deaths that occur within 24 hours after return of spontaneous circulation (ROSC) are usually caused by refractory shock that causes recurrent cardiac arrest or multi organ failure [7] . Post cardiac arrest syndrome is a complex and unique pathophysiological process, consisting of post cardiac arrest brain injury, myocardial dysfunction, systemic response to ischemia/ reperfusion, and pathological processes that cause cardiac arrest [1, 4] . The severity of the process varies widely, depends on the comorbid before the onset of cardiac arrest, the cause and duration of cardiac arrest.
Management of post cardiac arrest patients still challenging and requires a structured approach for hemodynamic stabilization, neuroprotective strategy, identifying and treating the etiology of arrest to prevent recurrence. The need of mechanical circulatory support to improve organ perfusion during post cardiac arrest syndrome may be considered.
Intra-Aortic Balloon Pump (IABP) is the most available and convenient used mechanical circulation aid especially in developing countries such as Indonesia [8] . In several studies on cardiac arrest, IABP have been used with insertion rates of 22% to 46% of phoatients [4] . Nevertheless, the use of IABP is still in debate. Previous multicenter study IABP Shock-II trial found that IABP support does not reduce in hospital mortality in patients with cardiogenic shock complicating myocardial infarction undergone early revascularization [9] . Therefore, in this study we aimed to find out whether early insertion of IABP can reduce in-hospital mortality, length of stay, cell death markers and improve lactate clearance of post cardiac arrest patients due to acute coronary syndrome.
Patients Population
This study is a single centered randomized trial conducted in National Cardiovascular Center Harapan Kita ( The patient selection algorithm is illustrated in Figure 1 .
Between October 2017 until December 2018, there's 242 cardiac arrest patient with successful resuscitation. A total of 60 patients meeting the inclusion and exclusion criteria comprised the final study population. Patients were randomized into two group (intervention group with early IABP insertion n=30, control group n= 30). The randomization protocol done via an internet-based program and stratification according to center with blocks of six patients from http://www.randomization.com. In intervention arm, there's only 21 patients receiving intervention because 6 were died before IABP insertion, 1 progressed into cerebrovascular disease, and 2 discontinue treatment by family request.
After randomization, vital sign, lactate serum, Interleukin-6, and Caspase-3 were measured in 30 minute after enrollment. Insertion of IABP was done within 180 minutes in designated group. Six hour after ROSC, lactate serum, Interleukin-6, and Caspase-3 were measured as well.
Study definition
The primary end-point of this study was in hospital mortality. Early insertion defined by insertion of IABP within 180 minutes (3 hours) after ROSC. Secondary outcome was length of stay, cell death marker (caspase-3), lactate clearance, and Interleukin-6 level 6 hour after ROSC.
Statistical analysis
All Figure 2) . Therefore, early insertion of IABP did not reduce in-hospital mortality of post cardiac arrest patients due to ACS. 
Discussion
In this prospective randomized controlled trial of post cardiac arrest patients due to acute coronary syndrome, IABP support did not reduce in hospital mortality compared with control.
Post-cardiac arrest syndrome begins after the return of spontaneous circulation. Studies show that the cardiac arrest mortality rate is still high. This is caused by prolonged systemic ischemia causes brain and heart dysfunction. In this study, the resuscitation's success rate was 32.61%, but the hospital survival rate for patients was 19.1% ([SE] 8.10%).
The UK National Health Service (NHS) study shows the success rate of resuscitation is 13-27% and the degree of hospital survival 2-12% [10] . Resuscitation Council National Cardiac Arrest Audit (NCAA) reports a 45% success rate of resuscitation and hospital survival rate 18.4% [11] . Success resuscitation rate and hospital survival rate are not much different from previous studies.
Intra-Aortic Balloon Pump is used in subjects with especially high risk of death in real-world practice. Similar findings regarding the unavailing effects of IABP use on certain population mortality have been reported in several previous studies. IABP use in populations of cardiogenic shock complicating AMI was reported to have no benefit in SHOCK II study by Thiele et al compared with controls, with 30-day mortality rate 43% vs 45% respectively [9] . IABP use in the population after cardiac arrest is also reported by the KAMIR study to be of no benefit. In 2015, Kim et.al investigate IABP use in patients with cardiogenic shock complicating AMI after cardiac arrest. This study was conducted in 1359 AMI patients with complications from cardiogenic shock after cardiac arrest. This study obtained that compared to control, the IABP group had worse outcomes in terms of mortality rates after multivariate analysis [hazard ratio (HR)
1.22, 95% confidence interval (CI) 1.02-1.47, p = 0.034] without increasing the incidence of recurrent MI, stroke, and major bleeding [12] . Burkoff et al. In 2006 reported in patients with cardiogenic shock, IABP improved hemodynamics but had the same mortality as controls. Studies comparing IABP use with Impella, the 2008 ISAR-SHOCK trial and IMPRESS in Severe Shock Trial in 2017, show IABP and Impella have no different 30-day mortality rates, even though Impella improves the cardiac index [13, 14] .
Cerebral performance category remains significant risk factor for mortality after adjustment for other variable in this study. Previous studies by Sinkovic et al. in 2018 stated that post cardiac arrest brain injury assessed by CPC was an independent predictor of mortality out-of-hospital cardiac arrest (OHCA) with adjusted OR 50.47 (6.74 -377.68); p value <0.001 [15] . In our study, cerebral performance category remains significant risk factor for mortality with hazard ratio = 2.178, CI (1.089-4.357); p <0.05. We hypothesized that poor cerebral performance category in IABP group explained why intervention did not improve mortality in this population. Post resuscitation period is dominated by the process of global ischemia and complex reperfusion injury resulting in oxygen depletion, membrane dysfunction, and re-oxygenation reactions, resulting in the toxicity of free radicals. The pathophysiology background results in particular severe cardio-circulatory shock, post cardiac arrest brain injury, multi-organ failure, and inflammation. Post cardiac arrest brain injury is a complication of a syndrome after long-term resuscitation that depends on the time of ischemia and reperfusion [15] .
The process of dying is goes through very complex mechanisms. During the ischemic phase, when cardiac arrest occurs and there is no spontaneous circulation, the production of adenosine triphosphate (ATP) decreases. Decreased ATP production causes membrane plasma depolarization, opening of calcium channels and disruption of potential mitochondrial membranes. This causes an increase in the concentration of calcium in the cytoplasm resulting in cell death. Cellular hypoxia also triggered stress in reticulum endoplasm, which subsequently activate executor Caspases to initiate apoptosis cascade [16] . Previous study by Prescimone et al. show his study of end-stage heart failure patients who performed LVAD installation showed that LVAD as a mechanical aid increased cardiac output and improved organ perfusion, thereby reducing apoptosis marked by reduce in Caspase-3 level [17] . In our study IABP did not improve apoptosis in post cardiac arrest as there's no significant difference in 6 hour Caspase-3 level.
In the reperfusion phase, when blood flow starts from chest compression or spontaneously, free radicals are formed.
Free radicals cause cell death and endothelial damage. Damaged endothelium triggers systemic inflammation characterized by an increase in one of the levels of inflammatory cytokines interleukin-6 (IL-6). These factors cause pathological vasodilation, decreased heart function, to multi-organ failure. Neutrophils that are activated in the lungs and other organs become triggers for multi-organ failure [1, 18] .
Increase in lactate serum also occurs in the early phase of cardiac arrest. Several studies reported that a decrease in
